behave cytologically as diploids which in turn ensures regular disjunction of chromosomes at anaphase one of meiosis and chromosome stability in the progeny. Moreover inheritance is disomic thus maintaining the interspecific hybridity of the genotype.
The genetic system controlling chromosome pairing in wheat was originally described by Okamoto (1957) , Riley and Chapman (1958) and Sears and Okamoto (1958) . This has been updated by a number of workers since that time but the basic principle is unchanged. This is that control is largely although not completely due to the effect of a gene (or genes) on chromosome SB and which subsequently has been termed the Ph gene (Riley, Wall and Gale, 1971) . There is also evidence of comparable genetic systems in hexaploid oats (Gauthier and McGinnis, 1968; Rajhathy and Thomas, 1972) and possibly in hexaploid Festuca arundinacea (Jahuar, 1975) . Little is known of the origin of these systems although genotypes of related diploids have been identified as being capable of suppressing the ability of these regulatory genes to modify meiosis in the polyploid (Riley, Kimber and Chapman, 1961; Dover and Riley, 1972a; Rajhathy and Thomas, 1972) . However this does not prove that the genes carried by the diploids are allelic to those in the natural allopolyploids. Indeed there is evidence that the gene or genes within Aegilops speltoides (= Triticum speltoides) which are capable of nullifying the diploidising effect of the Ph gene of T. aestivum are not equivalent to the Ph gene and are not capable of compensating for its absence (Dover and Riley, 1972b) .
B chromosomes are also known to suppress homoelogous association of chromosomes at first metaphase of meiosis (Evans and Macefield, 1972; Dover and Riley, 1972b; Bowman and Thomas, 1973; Riley, Chapman and Miller, 1973; Taylor and Evans, 1977; Evans and Davies, 1983) . That their action is somewhat similar to that of the Ph system in wheat is suggested by the results of Dover and Riley (1972b (Taylor and Evans, 1977; Evans and Davies, 1983 Taylor and Evans (1977) . It is worth Inflorescences were fixed in Carnoys (6:3: 1)
fixative and stored until examined 1-3 months later. Squash preparations of pollen mother cells were made in the usual manner and 30 cells at metaphase one of meiosis scored where possible.
RESULTS
Over 100 hybrid plants were obtained when the diploid L. perenne was used as the seed parent.
However all exhibited complete pistillody, i.e., the anthers were replaced by a structure which resembled a stigma and style. Consequently none of these hybrids could be examined at meiosis. This phenomenon is similar to that observed by Islam, Shepherd and Sparrow (1981) in some crosses of diploid Hordeum vulgare x hexaploid Triticum aestivum. The reciprocal cross of F. arundinacea x L. perenne yielded fewer progeny all of which had normal floral structures. Meiosis was examined in a total of 20 hybrid plants which could be divided into 4 classes on the basis of genotype of the L. perenne parent and the presence or absence of B chromosomes. The single B in both L. perenne genotypes would be expected to be transmitted into roughly half the pollen grains with consequent doubling through non disjunction at first pollen grain mitosis (Macefield, 1976 Clearly considerable variation exists in the pairing pattern of chromosomes at first metaphase both within and between classes. Despite the intraclass variation certain patterns of chromosome behaviour emerge. Chromosome pairing in the LplO hybrids is extensive, with that in the OB segregants being particularly high. In this class most of the chromosomes are involved in some form of chiasmate association ( Fig. la and b ).
Although multivalents were not uncommon ( chromosomes forming a bivalent. This was not uncommon in three out of the six hybrids in this class with one plant having a mean frequency of almost 26 univalents per pollen mother cell. questioned on the grounds of low replication in one class it still serves to confirm the overall pattern. This is that:
1. Progeny of the cross involving L. perenne Lp19 have a much higher number of unpaired (univalent) chromosomes and fewer bivalents, trivalents and quadrivalents per pollen mother cell than hybrids from the L. perenne LplO cross.
2. The frequency of univalents is also higher and that of bivalents lower in plants containing 2B chromosomes when compared with those carrying OBs from the same cross.
3. There appears to be no interaction between L. perenne genotype and B chromosome status.
Their effects can therefore be considered additive.
DISCUSSION
There is convincing evidence that F. arundinacea is an allohexaploid. In the first place only bivalents are normally found at first inetaphase of meiosis and secondly inheritance is disomic (Lewis et al,, 1980) . The origin of the three genomes has never been clearly established although it is generally believed that F pratensis and possibly a Lolium species might be implicated. A system of genetic control of chromosome pairing resembling that of wheat must be suspected for all true allopolyploids. Evidence of the existence of such genetic systems is usually obtained from the breakdown of pairing control in nullisomics or in interspecific hybrids.
No nullisomics have been reported in F arundinacea although a monosomic showing a low degree of homoeologous pairing was reported by Jahuar (1975) . We have also noted a monosomic of this type in our own material.
The extensive range of meiotic metaphase patterns observed in the progeny of the present set of crosses between a single cultivar of F arundinacea and two half sibs of L. perenne is conclusive evidence of the presence of a genetically controlled diploidising system in this natural hexaploid. Clearly the system is being modified by the genotype of L. perenne. The variation in the mean number of univalents per pollen mother cell between plants in the present set of hybrids is in the order of 24, i.e., from 2.1 in OB S.170 x Lp 10-1 to 25'7 in 2B S.l7OxLp 19-6. It is inconceivable that such large differences in pairing could even partly be due to variation in chromosome differentiation as the only variable genome is that of L. perenne and even that is derived from a common grandparent. L. perenne Lp19 is known to carry gene or genes capable of suppressing assocation between different genomes of Loliums in synthetic interspecific hybrids at both the diploid and tetraploid level (Taylor and Evans, 1977; Evans and Davies, 1983; Evans and Taing Aung, In Press) . B chromosomes are also known to have a similar and additive effect on chromosome pairing in interspecific hybrids. The genotype of L. perenne LplO on the other hand does not have this marked effect on the level of homoeologous association in comparable hybrids. Clearly therefore there is a relationship, direct or indirect, between this genetic system first isolated in diploid L. perenne and that controlling chromosome pairing in the natural hexaploid (b) L. perenne B chromosomes which are known to suppress homoeologous chromosome association in other Lolium interspecific hybrids (Evans and Macefield, 1973) Such a genetic system would have some similarities to those in Triticum and Avena in that genotypes of Aegilops speltoides are capable of suppressing the Ph system of T aestivum (Riley, Kimber and Chapman, 1961) and genotypes of Avena longiglumis the diploidising system of hexaploid A. sativa (Rajhathy and Thomas, 1972) . The result would be a high degree of intergenomic association at meiosis as seen here in OB hybrids involving LplO. Indeed this type of pairing pattern seems to be the norm in F arundinacea x L. perenne. Myers and Hill (1947) recorded 125, 844' and 260 multivalents, Crowder (1953) 252', 11.4811 and 252 multivalents and Bowman and Thomas (1973) Superimposed on this is the effect of B chromosomes. The presence of B's reintroduces some degree of suppression of homoeologous association in the LplO hybrids and makes it almost complete in the Lp19 hybrids. Again this would be somewhat similar to that observed in T aestivum x Ae. speltoides or Ae. mutica containing B chromosomes (Dover and Riley, 1972b) . It differs however from the wheat system where B chromo-somes had no effect on pairing in the presence of a single dose of the Ph allele. (c) The control exercised by B chromosomes is of a similar nature and additive to that in both F arundinacea and L. perenne Lp19.
The presence of only one dose of the allele(s) would then lead to a partial breakdown in the strict suppression of homoeologous pairing as indeed has been observed by Malik and Tripathy (1972) in a spontaneous 21 chromosome polyhaploid of F arundinacea. In typical F arundinacea x L. perenne hybrids such as the S.170 x LplO OB plants in the present work the L. perenne genotype would contribute no additional alleles capable of pairing control and since there is one additional homoeologous genome the level of pairing would inevitably be higher than in the polyhaploid of Malik and Tripathy. Even so, at 64 to 114 bivalents per cell it is more than might be expected.
The presence of B chromosomes increases the dosage of the pairing control alleles so that substantially fewer homoeologous associations would be seen compared with the corresponding OB hybrids. Introduction of a L. perenne genome such as L. perenne Lp19 which is known to carry diploidising genes would have a similar effect to the introduction of a B chromosome. Finally Lp19 alleles together with B chromosomes would increase the dosage of the pairing control alleles to a sufficient level to exercise almost complete suppression of homoeologous association as seen in some of the +B hybrids of Lp19. That pairing in some of the other Lp19 hybrids is far from completely suppressed is not unexpected as it is known that this L. perenne genotype is heterozygous for the diploidizing gene(s) (Taylor and Evans, 1977) .
Both of these hypotheses are supported, in part at least, by the experimental evidence. However further details of the pairing control system in F. arundinacea will have to be resolved before a more precise conclusion can be reached regarding the relationship of the diploidising genetic system identified in diploid L. perenne and that present in the hexaploid F arundinacea. The important question of whether the Festuca control system has evolved from that present in some diploids such as L. perenne must therefore remain unresolved. However it is a distinct possibility.
